
    
      Table 1 

      Stellar properties of HD 88986.

      
        


	Identifiers



	
	TIC 1042868
HD 88986
HIP 50316
Gala DR3 741184091114529792
2MASS J10162809+2840571



	




	Parameter
	HD 88986
	References





	
	Astrometric properties
	



	Parallax (mas)
	29.9864 ± 0.0205
	Gaia DR3



	AEN ɛ (mas)
	0.135
	Gaia EDR3



	Significance of ɛ
	20.6
	Gaia EDR3



	Distance (pc)
	33.37 ± 0.04
	Gaia DR3



	α (h m s)
	10:16:28.08
	Gaia DR3



	δ (d m s)
	28:40:56.94
	Gaia DR3



	
	Photometric properties
	



	B – V
	0.635 ± 0.006
	HIP



	V (mag)
	6.47 ± 0.01
	HIP



	Gala (mag)
	6.315 ± 0.003
	Gaia DR3



	GaiaBP (mag)
	6.628 ± 0.003
	Gaila DR3



	GaiaRP (mag)
	5.822 ± 0.004
	Gaia DR3



	TESS (mag)
	5.8706 ± 0.0061
	TESS



	J (mag)
	5.247 ± 0.024
	2MASS



	H (mag)
	4.946 ± 0.023
	2MASS



	Ks (mag)
	4.884 ± 0.020
	2MASS



	W1 (mag)
	4.895 ± 0.239
	WISE



	W2 (mag)
	4.762 ± 0.085
	WISE



	W3 (mag)
	4.933 ± 0.014
	WISE



	W4 (mag)
	4.873 ± 0.029
	WISE



	
	Spectroscopic properties
	



	Spectral type
	G2V
	MK classification



	log ɡ (cm s−2)
	4.16 ± 0.03
	Sect. 3



	ξt (kms−1)
	1.11 ± 0.02
	Sect. 3



	log(R′HK)
	−5.04 ± 0.10
	Sect. 4



	v sin i (km s−1)
	3.3±1.0
	SOPHIE DRS



	[Fe/H]
	0.06 ± 0.02
	Sect. 3



	Teff (K)
	5861 ± 17
	Sect. 3



	
	Bulk properties
	



	Mass (M⊙)
	1.25 ± 0.05[0.06](*)
	SED Sect. 3



	Radius (R⊙)
	1.543 ± 0.010[0.065](*)
	SED Sect. 3



	Prot (d)
	[image: equation]
	Sect. 4



	Age (Gyr)
	7.9 ± 1.3[1.58](*)
	Sect. 3





      

      
Notes.(*) Adopted the systematic uncertainty floor as suggested by Tayar et al. (2022) throughout this study.




    

  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
        Spectral energy distribution of HD 88986. Red symbols represent the observed photometric measurements, whereas the horizontal bars represent the effective width of the passband. Blue symbols are the model fluxes from the best-fit Kurucz atmosphere model (black).

      

    

  
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        Periodogram of RVs and activity indicators of HD 88986. From top to bottom: HIRES and HIRES+ S-index, SOPHIE+ S-index, bisector, RVs, and residuals of RVs after Keplerian fit on the 146.1 d. The vertical red line illustrates the planet candidates on 146.1 d, which have no corresponding peak in activity indicators. The vertical gray strip marks the estimated rotational period of the star. Also, the horizontal lines show the FAP level of 10, 1, and 0.1%, respectively (Baluev 2008).

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Amplitude (red) and phase (green) of a 146.1 d signal as a function of time for different sizes of time windows. Solid lines correspond to estimate and shaded areas to ± 1 σ uncertainties. Denoting by Tobs the total time span of observations, a) and b) are obtained with windows of size Tobs/3 = 1234.2 d and Tobs/9 = 411.42 d, respectively.

      

    

  
    
      Table 2 

      Different tested models on the SOPHIE+ RV-only data along with model comparisons with juliet.

      
        


	Model
	∆ ln Z
	period (d)
	K (ms−1)
	Tc (BJD-2400000 d)





	No planet
	−97.0
	–
	–
	–



	No planet+EXP-GP
	10.2
	–
	–
	–



	No planet+QP-GP
	17.5
	–
	–
	–



	1Co
	0
	146.0 ± 0.5
	1.7 ± 0.2
	58 897 ± 3



	1eccentricity-free
	1.6
	[image: equation]
	1.9 ± 0.3
	[image: equation]



	1Co+sinusoidal
	5.3
	146.2 ± 0.4
	1.6 ± 0.2
	58899±3



	1Co+EXP-GP
	20.0
	146.3± 0.6
	1.6 ± 0.4
	[image: equation]



	1Co+QP-GP
	22.3
	146.3 ± 0.6
	1.7 ± 0.4
	58 897 ± 6





      

      
Notes. K refers to the RV semi-amplitude and Tc is the time of mid-transit from RV fit. Additionally, in the model names, "Co" represents a circular orbit. The final choice model is indicated in bold.




    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Joint analysis of SOPHIE+ and TESS sector 21 observations of HD 88986 b. Top: SOPHIE+ data overplotted by the best-fit orbit model. Bottom-left: phase-folded TESS PDC-SAP photometric data of sector 21. The data are binned (red points) in 1 hour. The black line shows the best-fit transit model. Bottom-right: phase-folded SOPHIE+ RVs of HD 88986 b at the period of 146.05 d. The red points depict the binned data, utilizing a bin size of 0.05 in orbital phase units. The black line represents the best-fit orbit model.

      

    

  
    
      Table 4 

      Possible solution for HD 88986 b’s period.

      
        


	Models
	HD 88986 b’s period





	RVs-only
	146.3 ± 0.6



	RVs+ sector 21
	146.1 ± 0.4



	RVs+ sector 21+ sector 48
	147.4 ± 0.1





      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Orbital fits for HD 88986 outer massive companion. Top: fit of the HD 88986 RV data points. Bottom: fit of the HD 88986 proper motion measurements in right ascension (left) and declination (right). The black points correspond to the HIPPARCOS and Gaia EDR3 data points. In each plot, the black curve corresponds to the best fit. The color bar indicates the log-likelihood corresponding to the different fits plotted.

      

    

  
    
      Table 5 

      Median values and 68% confidence interval for parameters of the outer companion of HD 88986 based on the joint analysis of the HIPPARCOS/Gaia astrometric and RV data.

      
        


	Parameter (unit)
	The outer companion posteriors





	Stellar parameters
	



	M* (M⊙)
	[image: equation]



	Parallax (mas)
	30.025 ± 0.023



	σ* (m s−1)
	[image: equation]



	The outer companion parameters
	



	P (yr)
	[image: equation]



	Tc (BJD-2 400 000 d)
	65 000 ± 2000



	a (au)
	[image: equation]



	[image: equation]
	[image: equation]



	[image: equation]
	[image: equation]



	e
	0.46 ± 0.13



	ω (°)
	[image: equation]



	I (°)
	[image: equation] or [image: equation]



	Ω (°)
	[image: equation]



	Mc (MJup)
	[image: equation]



	Instrumental parameters:
	



	muELODIE (m s−1)
	[image: equation]



	muSOPHIE (m s−1)
	[image: equation]



	muSOPHIE+ (m s−1)
	[image: equation]



	muHIRES (m s−1)
	[image: equation]



	muHIRES+ (m s−1)
	[image: equation]





      

    

  
    
      Table 6 

      Resulting constraints on the orbital inclination and mass of companion “c”, and on the predicted photocenter semi-major axis of HD 88986, using the AEN from Gaia DR3.

      
        


	Parameter
	1σ
	3σ limits





	Ic (deg)
	[image: equation]
	>2.7



	Mc (Mjup)
	[image: equation]
	<810



	aphot (mas)
	[image: equation]
	<440





      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Illustration of HD 88986 outer companion analysis using Gaia DR3 analysis showing the companion mass posterior distribution running gaston. The dotted line shows the 3σ upper-limit, the dashed lines show the 1σ confidence interval, the solid blue line is the median mass, and the solid red line shows the RV m sin i.

      

    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        Position of HD 88986 b and its host star among known transiting exoplanetary systems, with precise planet mass and radius measurements (σ-M/M = 25% and σR/R = 8%, Otegi et al. 2020) from the NASA Exoplanet Data Archive (June 7, 2023). Top left: radius-period diagram of exoplanets. Top right: brightness in the K band versus distance of the exoplanet host star for the same planets. Bottom left: mass-radius diagrams of small planets (Rp < 4 R⊕). The colored curves are the two-layer theoretical composition models of Zeng et al. (2016). Bottom right: equilibrium temperature-radius diagram of planets within the radius range of 1.5 R⊕ to 2.75 R⊕ with each planet’s size scaled according to the propositional TSM introduced by Kempton et al. (2018). The gray area is the proposed hazy atmosphere zone by Yu et al. (2021). The purple mark indicates HD 88986 b. These planets possess either a known equilibrium temperature or information about the radius and temperature of their host star to estimate their temperature ([image: equation], Méndez & Rivera-Valentín 2017). These figures highlight the unique position of the HD 88986 system.

      

    

  
    
      Fig. C.1 

      
        [image: thumbnail]
      

      
        log R′HK (top) and RVs (bottom) of constant star HD185144. The best fit of a third-order polynomial model (black line bottom) is overplotted to the stellar long-period activity.

      

    

  
    
      Table D.1 

      SOPHIE RVs for HD 88986. We note that a value of 999.0 indicates invalid data on the corresponding date.

      
        


	BJD (−2400000 d)
	RV (km s−1)
	σRV(km s−1)
	BIS (km s−1)
	S-index
	σS − index
	Na
	σNa





	SOPHIE:
	
	
	
	
	
	
	



	54185.43116
	29.0727
	0.0013
	
	
	
	
	



	54189.45774
	29.0698
	0.0016
	
	
	
	
	



	54190.42612
	29.0813
	0.0014
	
	
	
	
	



	54190.43296
	29.0717
	0.0035
	
	
	
	
	



	54192.48075
	29.0680
	0.0013
	
	
	
	
	



	54192.48729
	29.0638
	0.0039
	
	
	
	
	



	54236.34361
	29.0812
	0.0014
	
	
	
	
	



	54249.39304
	29.0765
	0.0015
	
	
	
	
	



	54260.37481
	29.0721
	0.0016
	
	
	
	
	



	54262.37490
	29.0707
	0.0017
	
	
	
	
	



	54263.36789
	29.0847
	0.0025
	
	
	
	
	



	54264.36478
	29.0817
	0.0017
	
	
	
	
	



	




	SOPHIE+:
	
	
	
	
	
	
	



	56298.72054
	29.07
	0.001
	−0.0041
	0.1759
	0.0007
	0.521
	0.007



	56313.59596
	29.072
	0.001
	−0.0042
	0.1709
	0.0007
	0.518
	0.007



	56316.56759
	29.073
	0.001
	−0.0023
	0.1676
	0.0007
	0.528
	0.008



	56317.68241
	29.067
	0.001
	−0.004
	0.1769
	0.0012
	0.525
	0.01



	56319.61938
	29.069
	0.001
	−0.0072
	0.1703
	0.0011
	0.53
	0.01



	56322.59358
	29.069
	0.001
	−0.0053
	0.1739
	0.0008
	0.516
	0.008



	56327.48507
	29.07
	0.002
	−0.0071
	999.0
	999.0
	0.522
	0.018



	56344.58229
	29.073
	0.001
	−0.0013
	0.1737
	0.0008
	0.521
	0.008



	56345.50874
	29.073
	0.001
	−0.0026
	0.1739
	0.001
	0.528
	0.009



	56346.50675
	29.072
	0.001
	−0.0
	0.1731
	0.0007
	0.525
	0.007



	56349.46062
	29.068
	0.001
	−0.0043
	0.1693
	0.0007
	0.525
	0.008



	56350.49421
	29.072
	0.001
	−0.0017
	0.1667
	0.0005
	0.526
	0.006



	56351.59704
	29.068
	0.001
	0.0018
	0.1712
	0.0007
	0.521
	0.007



	56354.44695
	29.07
	0.001
	−0.0012
	0.1647
	0.0004
	0.514
	0.005



	56355.52704
	29.076
	0.001
	0.0006
	0.171
	0.0007
	0.519
	0.007



	56360.42506
	29.076
	0.001
	−0.0001
	0.1657
	0.0004
	0.52
	0.005



	56360.51722
	29.074
	0.001
	−0.0029
	0.1751
	0.0006
	0.519
	0.007



	56370.50959
	29.079
	0.001
	−0.0061
	0.1709
	0.0008
	0.526
	0.008



	56372.49076
	29.078
	0.001
	−0.0019
	0.1677
	0.0008
	0.527
	0.009



	56382.36446
	29.071
	0.001
	−0.0054
	0.1694
	0.0009
	0.518
	0.009



	56405.33846
	29.071
	0.001
	−0.0023
	0.1722
	0.0006
	999.0
	999.0



	56415.36788
	29.072
	0.002
	−0.0067
	0.1747
	0.0015
	999.0
	999.0



	56419.4127
	29.073
	0.001
	−0.0017
	0.1707
	0.0007
	999.0
	999.0



	56430.35736
	29.07
	0.002
	0.005
	0.1739
	0.0017
	999.0
	999.0



	56435.37259
	29.069
	0.002
	0.0059
	999.0
	999.0
	999.0
	999.0



	56627.71815
	29.072
	0.001
	−0.0004
	0.1761
	0.0007
	0.533
	0.007



	56629.7066
	29.073
	0.001
	0.0034
	0.1658
	0.0006
	0.525
	0.007



	56630.6626
	29.072
	0.001
	0.0001
	0.1669
	0.0006
	0.525
	0.006



	56631.68114
	29.074
	0.001
	−0.0025
	0.1707
	0.0007
	0.526
	0.008



	56640.58001
	29.071
	0.001
	−0.0006
	0.17
	0.0009
	0.523
	0.008



	56653.67292
	29.073
	0.001
	0.0025
	0.1769
	0.001
	0.523
	0.009



	56655.67739
	29.076
	0.001
	−0.0039
	0.1681
	0.0009
	0.518
	0.008



	56656.65089
	29.075
	0.001
	−0.0055
	0.1694
	0.001
	0.525
	0.009



	56657.63896
	29.077
	0.001
	−0.0024
	0.1717
	0.001
	0.516
	0.01



	56663.55861
	29.074
	0.001
	−0.0012
	0.1792
	0.0008
	0.515
	0.008



	56665.69581
	29.075
	0.001
	0.0001
	0.1684
	0.0008
	0.514
	0.008



	56672.62532
	29.074
	0.001
	−0.0033
	0.1706
	0.0011
	0.527
	0.01



	56680.49332
	29.078
	0.001
	−0.0049
	0.1673
	0.0006
	0.522
	0.007



	56681.54471
	29.081
	0.001
	−0.0042
	0.1749
	0.001
	0.518
	0.009



	56682.61116
	29.078
	0.001
	−0.0012
	0.1736
	0.0007
	0.529
	0.007



	56683.56202
	29.078
	0.001
	−0.0058
	0.1958
	0.0014
	0.522
	0.011



	56685.45394
	29.074
	0.001
	−0.0031
	0.1815
	0.0016
	0.528
	0.013



	56696.41786
	29.075
	0.001
	−0.0011
	0.1747
	0.0007
	0.523
	0.007



	56699.61383
	29.07
	0.001
	−0.0019
	0.1781
	0.0012
	0.521
	0.01



	57350.70123
	29.08
	0.001
	−0.0014
	999.0
	999.0
	0.524
	0.009



	57390.64252
	29.078
	0.001
	−0.0034
	0.1661
	0.001
	0.52
	0.01



	57402.57042
	29.079
	0.001
	0.0022
	0.1683
	0.001
	0.521
	0.009



	57411.45305
	29.084
	0.001
	−0.0022
	0.1812
	0.0011
	0.522
	0.009



	57413.56732
	29.086
	0.001
	−0.0049
	0.1688
	0.001
	0.516
	0.009



	57436.56638
	29.078
	0.001
	−0.0
	0.1652
	0.001
	0.522
	0.009



	57437.64439
	29.078
	0.001
	−0.0026
	0.1912
	0.0017
	0.52
	0.011



	57468.4337
	29.078
	0.001
	−0.0003
	999.0
	999.0
	0.505
	0.013



	57470.53201
	29.078
	0.001
	0.0011
	0.1812
	0.0016
	0.521
	0.01



	57476.412
	29.082
	0.001
	−0.003
	0.1676
	0.0006
	0.524
	0.007



	57498.40682
	29.082
	0.001
	−0.0006
	0.1677
	0.0006
	999.0
	999.0



	57503.40866
	29.08
	0.001
	−0.005
	0.1687
	0.001
	999.0
	999.0



	57504.43547
	29.083
	0.001
	−0.0055
	0.1802
	0.0014
	999.0
	999.0



	57507.38017
	29.085
	0.001
	−0.0005
	0.1688
	0.0009
	999.0
	999.0



	57512.4085
	29.083
	0.001
	0.0056
	0.1609
	0.0016
	999.0
	999.0



	57528.33925
	29.082
	0.001
	−0.002
	0.1675
	0.0014
	999.0
	999.0



	57699.67587
	29.082
	0.001
	−0.0013
	0.1793
	0.0011
	0.523
	0.01



	57701.63228
	29.084
	0.002
	−0.0009
	999.0
	999.0
	0.522
	0.015



	57728.6449
	29.08
	0.001
	−0.0002
	0.1704
	0.0004
	0.521
	0.006



	57730.6722
	29.079
	0.001
	−0.0019
	0.1725
	0.0005
	0.526
	0.007



	57757.69077
	29.079
	0.001
	−0.0017
	0.1758
	0.001
	0.522
	0.01



	57758.5679
	29.079
	0.001
	−0.0029
	0.1795
	0.0012
	0.529
	0.011



	57759.52851
	29.082
	0.001
	−0.0001
	0.1793
	0.0013
	0.524
	0.012



	57766.64339
	29.082
	0.001
	0.0009
	0.1733
	0.0007
	0.519
	0.008



	57770.67824
	29.08
	0.001
	−0.0025
	0.1797
	0.001
	0.526
	0.01



	57771.63633
	29.082
	0.001
	−0.0023
	0.1758
	0.0007
	0.526
	0.008



	57772.53428
	29.082
	0.001
	−0.0012
	0.1738
	0.0005
	0.527
	0.006



	57800.52831
	29.085
	0.001
	0.0007
	0.1718
	0.0005
	0.516
	0.006



	57801.52514
	29.083
	0.001
	0.0021
	0.1733
	0.0006
	0.526
	0.007



	57820.5185
	29.084
	0.001
	0.004
	0.1773
	0.0013
	0.527
	0.012



	57821.46905
	29.082
	0.001
	−0.0001
	0.172
	0.0008
	0.516
	0.009



	57823.50327
	29.083
	0.001
	−0.0002
	0.1706
	0.0006
	0.522
	0.007



	57826.55084
	29.084
	0.001
	0.0014
	0.1831
	0.0009
	0.514
	0.008



	57827.4408
	29.086
	0.001
	−0.0014
	0.1709
	0.0005
	0.508
	0.006



	57829.50094
	29.086
	0.001
	0.0009
	0.1731
	0.0005
	0.524
	0.006



	57830.47692
	29.082
	0.001
	−0.0018
	0.1725
	0.0007
	0.523
	0.008



	57831.48271
	29.084
	0.002
	0.0045
	999.0
	999.0
	0.512
	0.014



	57832.46256
	29.081
	0.001
	0.0009
	0.1662
	0.0006
	0.519
	0.007



	57833.47721
	29.08
	0.001
	0.0045
	0.1682
	0.0012
	0.515
	0.011



	57848.41243
	29.089
	0.001
	−0.0026
	0.1752
	0.0009
	999.0
	999.0



	57849.36053
	29.089
	0.001
	0.0019
	0.1889
	0.001
	999.0
	999.0



	57850.416
	29.082
	0.001
	0.0018
	0.1717
	0.0005
	999.0
	999.0



	57851.41507
	29.084
	0.001
	0.0014
	0.1703
	0.0005
	999.0
	999.0



	57852.42093
	29.082
	0.001
	0.0004
	0.1734
	0.0006
	999.0
	999.0



	57853.46839
	29.083
	0.001
	−0.0017
	0.1746
	0.0006
	999.0
	999.0



	57854.45925
	29.081
	0.001
	0.0001
	0.1723
	0.0008
	999.0
	999.0



	57855.44274
	29.082
	0.001
	−0.0026
	0.1731
	0.0005
	999.0
	999.0



	57856.36935
	29.082
	0.001
	−0.0019
	0.1722
	0.0008
	999.0
	999.0



	57858.36212
	29.08
	0.001
	−0.0016
	0.1696
	0.0007
	999.0
	999.0



	57859.3784
	29.08
	0.001
	−0.0013
	0.1724
	0.0009
	999.0
	999.0



	57860.40603
	29.077
	0.001
	−0.0005
	0.1727
	0.0012
	999.0
	999.0



	58072.69214
	29.081
	0.001
	−0.0007
	999.0
	999.0
	0.525
	0.008



	58073.61653
	29.08
	0.001
	−0.0027
	999.0
	999.0
	0.524
	0.007



	58074.69324
	29.08
	0.001
	0.0014
	999.0
	999.0
	0.524
	0.009



	58075.67984
	29.082
	0.001
	−0.0027
	999.0
	999.0
	0.525
	0.009



	58076.67888
	29.078
	0.002
	−0.0096
	999.0
	999.0
	0.508
	0.015



	58077.70279
	29.078
	0.001
	−0.0023
	999.0
	999.0
	0.525
	0.01



	58078.70137
	29.075
	0.001
	−0.0051
	999.0
	999.0
	0.526
	0.01



	58090.72611
	29.084
	0.001
	0.0002
	999.0
	999.0
	0.525
	0.01



	58091.68905
	29.084
	0.001
	−0.0011
	999.0
	999.0
	0.524
	0.009



	58093.62615
	29.083
	0.001
	0.0016
	999.0
	999.0
	0.524
	0.007



	58100.68476
	29.085
	0.001
	−0.0007
	999.0
	999.0
	0.528
	0.009



	58102.70122
	29.083
	0.002
	−0.0034
	999.0
	999.0
	0.486
	0.016



	58104.64993
	29.082
	0.001
	0.0011
	999.0
	999.0
	0.525
	0.011



	58108.69417
	29.088
	0.001
	−0.0026
	999.0
	999.0
	0.521
	0.009



	58110.70972
	29.085
	0.001
	0.0028
	999.0
	999.0
	0.525
	0.008



	58111.62003
	29.088
	0.001
	0.0024
	999.0
	999.0
	0.523
	0.007



	58130.60025
	29.092
	0.001
	−0.0036
	0.1649
	0.0008
	0.525
	0.008



	58131.66504
	29.09
	0.001
	−0.0011
	0.161
	0.0011
	0.503
	0.009



	58141.61493
	29.086
	0.001
	0.0048
	0.1638
	0.0009
	0.513
	0.009



	58142.5731
	29.087
	0.001
	0.0003
	0.1675
	0.0005
	0.522
	0.006



	58146.57834
	29.083
	0.001
	0.0
	0.1651
	0.0008
	0.525
	0.008



	58147.54992
	29.087
	0.001
	0.0005
	0.1634
	0.0009
	0.495
	0.008



	58148.5671
	29.087
	0.001
	0.0021
	0.1636
	0.001
	0.522
	0.01



	58151.67525
	29.088
	0.001
	−0.0058
	0.1557
	0.0018
	0.526
	0.013



	58152.626
	29.081
	0.002
	−0.0048
	0.1493
	0.002
	0.525
	0.015



	58153.56616
	29.088
	0.001
	0.0016
	0.1621
	0.0014
	0.525
	0.012



	58185.49837
	29.085
	0.001
	0.0025
	0.1661
	0.0007
	0.529
	0.008



	58186.47613
	29.086
	0.001
	0.0018
	0.1672
	0.0008
	0.519
	0.008



	58209.54029
	29.089
	0.002
	−0.0035
	999.0
	999.0
	999.0
	999.0



	58210.44872
	29.086
	0.001
	−0.0005
	0.17
	0.0006
	999.0
	999.0



	58213.54147
	29.086
	0.001
	0.0009
	999.0
	999.0
	999.0
	999.0



	58214.39055
	29.088
	0.001
	0.0004
	0.1676
	0.0006
	999.0
	999.0



	58215.45449
	29.085
	0.001
	−0.003
	0.1674
	0.0011
	999.0
	999.0



	58216.45408
	29.082
	0.001
	−0.0002
	0.165
	0.0011
	999.0
	999.0



	58218.47574
	29.084
	0.002
	−0.0085
	999.0
	999.0
	999.0
	999.0



	58234.37191
	29.084
	0.001
	−0.0024
	0.1684
	0.0007
	999.0
	999.0



	58235.44114
	29.091
	0.001
	−0.0005
	0.1707
	0.0015
	999.0
	999.0



	58236.38366
	29.084
	0.001
	−0.0035
	0.1733
	0.0008
	999.0
	999.0



	58242.46149
	29.087
	0.002
	0.0037
	999.0
	999.0
	999.0
	999.0



	58243.4582
	29.083
	0.001
	0.0004
	999.0
	999.0
	999.0
	999.0



	58245.36182
	29.091
	0.001
	−0.0011
	0.1736
	0.0011
	999.0
	999.0



	58255.40949
	29.09
	0.001
	0.0
	0.1766
	0.0013
	999.0
	999.0



	58257.39281
	29.089
	0.001
	0.0039
	0.1773
	0.0008
	999.0
	999.0



	58258.37469
	29.088
	0.001
	−0.0016
	0.1732
	0.0008
	999.0
	999.0



	58262.35981
	29.091
	0.001
	−0.0016
	0.1706
	0.0007
	999.0
	999.0



	58263.35275
	29.089
	0.001
	−0.002
	0.1729
	0.0008
	999.0
	999.0



	58264.35148
	29.089
	0.001
	0.0003
	0.1723
	0.0018
	999.0
	999.0



	58270.34924
	29.088
	0.001
	−0.0018
	0.1716
	0.0006
	999.0
	999.0



	58271.35578
	29.092
	0.001
	−0.0042
	0.1714
	0.001
	999.0
	999.0



	58272.34719
	29.084
	0.002
	−0.0026
	999.0
	999.0
	999.0
	999.0



	58274.38435
	29.085
	0.003
	−0.0218
	999.0
	999.0
	999.0
	999.0



	58440.66644
	29.094
	0.001
	0.0009
	0.1704
	0.0008
	0.526
	0.008



	58441.63117
	29.086
	0.001
	−0.0025
	0.1672
	0.001
	0.523
	0.009



	58456.70082
	29.094
	0.001
	0.004
	0.1691
	0.0008
	0.515
	0.009



	58457.72054
	29.091
	0.001
	0.0012
	0.1673
	0.0005
	0.52
	0.006



	58459.65022
	29.091
	0.001
	−0.0035
	0.1502
	0.0013
	0.513
	0.012



	58460.67423
	29.095
	0.001
	−0.0035
	0.1588
	0.0012
	0.51
	0.01



	58467.67996
	29.092
	0.001
	−0.0031
	0.1644
	0.0011
	0.53
	0.01



	58475.70316
	29.085
	0.001
	−0.0029
	0.1599
	0.0013
	0.519
	0.011



	58486.64971
	29.091
	0.002
	0.001
	999.0
	999.0
	0.521
	0.017



	58487.69909
	29.089
	0.003
	0.0024
	999.0
	999.0
	999.0
	999.0



	58488.69742
	29.095
	0.001
	0.0051
	0.1672
	0.001
	0.529
	0.01



	58489.70608
	29.09
	0.002
	0.0028
	0.1606
	0.0019
	0.527
	0.014



	58490.67879
	29.094
	0.001
	−0.002
	0.1692
	0.0006
	0.527
	0.007



	58496.63178
	29.094
	0.002
	−0.0059
	999.0
	999.0
	999.0
	999.0



	58497.61321
	29.09
	0.001
	0.0023
	0.1681
	0.0014
	0.516
	0.012



	58498.66066
	29.094
	0.001
	0.0002
	0.1667
	0.0013
	0.528
	0.011



	58499.59632
	29.091
	0.001
	0.0017
	0.1701
	0.0006
	0.526
	0.007



	58526.57706
	29.098
	0.001
	0.0008
	0.1725
	0.0011
	0.533
	0.011



	58527.54347
	29.09
	0.001
	0.0006
	0.1721
	0.0012
	0.527
	0.011



	58528.50643
	29.091
	0.001
	0.0025
	0.1712
	0.0005
	0.527
	0.006



	58529.5612
	29.09
	0.001
	0.001
	0.1712
	0.0005
	0.522
	0.006



	58530.5159
	29.089
	0.001
	0.0004
	0.1718
	0.0006
	0.526
	0.007



	58531.59703
	29.09
	0.001
	−0.0016
	0.1696
	0.0005
	0.53
	0.006



	58532.53022
	29.088
	0.001
	−0.0036
	0.17
	0.0008
	0.521
	0.008



	58533.4996
	29.089
	0.001
	−0.003
	0.1696
	0.0007
	0.526
	0.007



	58534.50645
	29.091
	0.001
	−0.0008
	0.1702
	0.0007
	0.527
	0.008



	58535.59314
	29.091
	0.001
	−0.0023
	0.171
	0.001
	0.521
	0.009



	58543.57619
	29.096
	0.001
	0.0017
	0.1692
	0.001
	0.525
	0.009



	58544.51305
	29.097
	0.001
	−0.0024
	0.1706
	0.0011
	0.528
	0.01



	58545.4534
	29.094
	0.001
	−0.0008
	0.1707
	0.0011
	0.522
	0.01



	58546.37522
	29.094
	0.001
	0.0014
	0.1728
	0.0006
	0.526
	0.006



	58548.37912
	29.093
	0.001
	−0.0014
	0.1662
	0.0009
	0.52
	0.009



	58550.39724
	29.093
	0.001
	0.0003
	0.1691
	0.0017
	0.522
	0.013



	58551.42881
	29.092
	0.001
	0.0005
	0.1702
	0.0007
	0.524
	0.008



	58552.40384
	29.099
	0.001
	−0.0004
	0.1689
	0.0009
	0.519
	0.009



	58553.41709
	29.094
	0.001
	−0.0061
	0.1676
	0.0008
	0.525
	0.009



	58554.49277
	29.09
	0.002
	−0.001
	999.0
	999.0
	0.524
	0.014



	58556.44137
	29.095
	0.001
	0.0004
	0.1689
	0.0009
	0.526
	0.009



	58557.48776
	29.095
	0.001
	0.0006
	0.1676
	0.0007
	0.518
	0.008



	58559.44023
	29.095
	0.001
	0.0006
	0.1693
	0.0007
	0.527
	0.008



	58560.51233
	29.092
	0.001
	−0.0027
	0.1706
	0.0012
	0.529
	0.011



	58561.43576
	29.096
	0.001
	0.0005
	0.1728
	0.0009
	0.522
	0.009



	58563.51862
	29.098
	0.001
	−0.0005
	0.1745
	0.0008
	0.529
	0.008



	58586.3874
	29.094
	0.001
	0.0043
	0.1703
	0.0009
	999.0
	999.0



	58587.40305
	29.096
	0.001
	0.0017
	0.1676
	0.0013
	999.0
	999.0



	58588.37817
	29.094
	0.001
	−0.0019
	0.1749
	0.0017
	999.0
	999.0



	58590.4154
	29.095
	0.001
	−0.0001
	0.169
	0.0004
	999.0
	999.0



	58591.34231
	29.095
	0.001
	0.0027
	0.1631
	0.0012
	999.0
	999.0



	58592.45683
	29.096
	0.002
	−0.0032
	999.0
	999.0
	999.0
	999.0



	58593.42747
	29.092
	0.001
	0.0006
	0.1745
	0.0008
	999.0
	999.0



	58598.49199
	29.095
	0.003
	−0.002
	999.0
	999.0
	999.0
	999.0



	58600.48275
	29.091
	0.001
	−0.0043
	999.0
	999.0
	999.0
	999.0



	58601.42492
	29.093
	0.001
	−0.0005
	0.1736
	0.0012
	999.0
	999.0



	58602.32023
	29.091
	0.001
	−0.0008
	0.1715
	0.001
	999.0
	999.0



	58603.34279
	29.093
	0.001
	−0.0003
	0.1727
	0.0009
	999.0
	999.0



	58604.36121
	29.094
	0.001
	−0.0023
	0.1736
	0.0006
	999.0
	999.0



	58605.37671
	29.097
	0.001
	−0.0013
	0.1786
	0.0009
	999.0
	999.0



	58606.38135
	29.093
	0.001
	−0.0018
	0.1775
	0.001
	999.0
	999.0



	58607.37926
	29.089
	0.001
	0.0054
	0.176
	0.0016
	999.0
	999.0



	58608.39479
	29.093
	0.001
	−0.0009
	0.1739
	0.0012
	999.0
	999.0



	58610.38085
	29.098
	0.001
	0.0005
	0.1761
	0.0007
	999.0
	999.0



	58613.41864
	29.091
	0.002
	−0.006
	999.0
	999.0
	999.0
	999.0



	58616.33982
	29.096
	0.001
	−0.0001
	0.1745
	0.0013
	999.0
	999.0



	58617.33881
	29.092
	0.001
	−0.0012
	0.1719
	0.0006
	999.0
	999.0



	58619.4107
	29.086
	0.001
	−0.0036
	0.1778
	0.0012
	999.0
	999.0



	58620.38094
	29.089
	0.001
	0.0032
	0.1739
	0.0009
	999.0
	999.0



	58624.41277
	29.093
	0.001
	−0.0002
	999.0
	999.0
	999.0
	999.0



	58625.39701
	29.085
	0.002
	0.0102
	999.0
	999.0
	999.0
	999.0



	58626.36614
	29.09
	0.001
	0.0019
	0.1777
	0.0007
	999.0
	999.0



	58627.37623
	29.089
	0.001
	0.0022
	0.18
	0.0011
	999.0
	999.0



	58630.37143
	29.092
	0.001
	0.0002
	0.1747
	0.0008
	999.0
	999.0



	58631.35476
	29.092
	0.001
	0.0002
	0.172
	0.0013
	999.0
	999.0



	58632.35378
	29.085
	0.001
	−0.0019
	0.1656
	0.0013
	999.0
	999.0



	58633.35156
	29.088
	0.001
	−0.0037
	0.169
	0.001
	999.0
	999.0



	58634.34584
	29.09
	0.001
	0.0031
	0.1734
	0.0007
	999.0
	999.0



	58635.34845
	29.089
	0.001
	−0.0007
	0.1727
	0.0008
	999.0
	999.0



	58636.36255
	29.091
	0.001
	−0.0017
	0.1777
	0.001
	999.0
	999.0



	58637.35109
	29.09
	0.001
	−0.0007
	0.174
	0.0008
	999.0
	999.0



	58820.63063
	29.091
	0.001
	−0.003
	0.1801
	0.0011
	0.516
	0.009



	58821.60302
	29.094
	0.001
	−0.0038
	0.1796
	0.0013
	0.512
	0.01



	58824.67421
	29.095
	0.001
	0.0003
	0.1764
	0.0007
	0.52
	0.007



	58828.61484
	29.094
	0.001
	0.0015
	0.1735
	0.0007
	0.53
	0.008



	58852.6337
	29.097
	0.002
	0.0044
	999.0
	999.0
	0.527
	0.017



	58853.55459
	29.105
	0.001
	0.0028
	0.189
	0.0016
	0.524
	0.013



	58854.58145
	29.096
	0.001
	−0.0021
	0.1818
	0.0007
	0.525
	0.008



	58855.57747
	29.094
	0.001
	−0.0005
	0.1844
	0.0009
	0.53
	0.009



	58856.6402
	29.099
	0.001
	0.0013
	0.185
	0.0011
	0.514
	0.01



	58856.73025
	29.096
	0.001
	0.0001
	0.1882
	0.0014
	0.518
	0.011



	58875.6166
	29.099
	0.001
	−0.0043
	0.1808
	0.0006
	0.525
	0.006



	58877.61726
	29.099
	0.001
	−0.0014
	0.1804
	0.0008
	0.515
	0.008



	58881.59325
	29.099
	0.001
	0.0011
	0.1845
	0.0009
	0.512
	0.008



	58882.53817
	29.095
	0.001
	−0.0039
	0.193
	0.0016
	0.512
	0.012



	58883.54223
	29.096
	0.001
	−0.0011
	0.1874
	0.0011
	0.521
	0.01



	58884.46423
	29.1
	0.001
	−0.0048
	0.1967
	0.0018
	0.527
	0.014



	58885.38578
	29.101
	0.002
	−0.0014
	999.0
	999.0
	0.517
	0.019



	58886.50785
	29.102
	0.001
	0.0004
	0.1805
	0.0006
	0.535
	0.007



	58887.45579
	29.097
	0.001
	−0.0026
	0.1833
	0.0011
	0.524
	0.011



	58888.50882
	29.096
	0.001
	−0.0002
	0.1791
	0.0005
	0.524
	0.005



	58891.56505
	29.097
	0.001
	0.0004
	0.1891
	0.0013
	0.52
	0.011



	58892.55219
	29.1
	0.001
	−0.0005
	0.1843
	0.0007
	0.532
	0.008



	58893.5583
	29.098
	0.001
	0.0028
	0.191
	0.0013
	0.524
	0.011



	58894.48852
	29.099
	0.001
	−0.0009
	0.18
	0.0007
	0.524
	0.008



	58897.58099
	29.094
	0.003
	−0.0036
	999.0
	999.0
	999.0
	999.0



	58898.50343
	29.096
	0.001
	0.0014
	0.185
	0.001
	999.0
	999.0



	58906.53712
	29.095
	0.001
	0.001
	0.1838
	0.0013
	0.518
	0.011



	58907.50513
	29.096
	0.001
	0.0035
	0.1838
	0.0013
	0.526
	0.011



	58911.46747
	29.098
	0.001
	0.0016
	0.1893
	0.0015
	0.527
	0.012



	58912.49592
	29.094
	0.001
	0.0019
	0.187
	0.0017
	0.526
	0.014



	58913.4537
	29.097
	0.001
	0.0052
	0.1752
	0.001
	0.52
	0.01



	58914.41822
	29.1
	0.001
	0.0015
	0.1894
	0.0014
	0.519
	0.012



	58916.42498
	29.099
	0.001
	−0.0002
	0.1903
	0.0013
	0.535
	0.012



	58918.44042
	29.101
	0.001
	0.0024
	0.1933
	0.0016
	0.527
	0.013



	58919.48435
	29.099
	0.002
	0.0003
	999.0
	999.0
	0.474
	0.012



	58920.43465
	29.096
	0.001
	0.0004
	0.18
	0.0007
	0.522
	0.008



	58924.46581
	29.101
	0.001
	0.0001
	0.1776
	0.0009
	0.528
	0.009



	59170.59242
	29.108
	0.001
	−0.0077
	0.2018
	0.0013
	0.518
	0.009



	59171.67277
	29.104
	0.001
	−0.0012
	0.1707
	0.0005
	0.524
	0.006



	59172.59053
	29.105
	0.001
	−0.0036
	0.2086
	0.0011
	0.515
	0.006



	59175.67902
	29.1
	0.001
	−0.0027
	0.1753
	0.0007
	0.519
	0.008



	59182.69165
	29.103
	0.001
	0.0006
	0.172
	0.0005
	0.516
	0.006



	59183.6644
	29.104
	0.001
	−0.0018
	0.1798
	0.0006
	0.523
	0.007



	59184.66932
	29.098
	0.002
	0.001
	0.1895
	0.0018
	0.513
	0.014



	59186.62898
	29.105
	0.001
	−0.0007
	0.1748
	0.0007
	0.526
	0.008



	59197.73091
	29.102
	0.001
	−0.001
	999.0
	999.0
	0.524
	0.007



	59203.65678
	29.109
	0.002
	−0.0044
	0.1674
	0.0019
	0.514
	0.015



	59205.62881
	29.108
	0.001
	0.0043
	0.1709
	0.0006
	0.518
	0.007



	59206.6322
	29.098
	0.001
	−0.0025
	0.1701
	0.0011
	0.516
	0.011



	59247.50061
	29.103
	0.001
	−0.001
	0.1749
	0.0014
	999.0
	999.0



	59248.63037
	29.108
	0.001
	−0.001
	0.174
	0.0006
	0.516
	0.007



	59249.56861
	29.105
	0.001
	−0.003
	999.0
	999.0
	0.518
	0.01



	59263.47458
	29.106
	0.001
	−0.002
	0.1724
	0.0006
	0.526
	0.007



	59265.54794
	29.105
	0.001
	−0.0031
	0.176
	0.0009
	0.525
	0.009



	59266.41158
	29.104
	0.001
	0.0002
	0.1763
	0.0008
	0.526
	0.008



	59267.37249
	29.106
	0.002
	−0.0034
	999.0
	999.0
	0.52
	0.02



	59269.38117
	29.105
	0.001
	0.0014
	0.1739
	0.0007
	0.525
	0.008



	59271.4168
	29.106
	0.001
	0.0011
	0.1725
	0.0005
	0.53
	0.007



	59272.37643
	29.105
	0.001
	0.0042
	0.1777
	0.0009
	0.525
	0.009



	59273.50018
	29.103
	0.001
	0.0036
	0.1775
	0.0009
	0.522
	0.008



	59274.52433
	29.107
	0.001
	−0.0007
	0.1729
	0.0005
	0.527
	0.007



	59275.53869
	29.109
	0.001
	−0.0002
	0.1728
	0.0006
	0.526
	0.007



	59277.48064
	29.109
	0.001
	−0.0001
	0.1775
	0.0009
	0.522
	0.009



	59278.45468
	29.109
	0.001
	−0.0007
	0.1737
	0.0008
	0.523
	0.008



	59279.43298
	29.108
	0.001
	0.0007
	0.175
	0.0006
	0.524
	0.007



	59280.4677
	29.104
	0.001
	−0.0049
	0.1808
	0.0012
	0.517
	0.01



	59327.42527
	29.104
	0.001
	−0.0025
	0.1785
	0.0009
	999.0
	999.0



	59328.43132
	29.106
	0.001
	−0.0037
	0.1742
	0.0007
	999.0
	999.0



	59329.37507
	29.106
	0.001
	−0.0012
	0.1727
	0.0006
	999.0
	999.0



	59330.42242
	29.105
	0.002
	−0.0119
	999.0
	999.0
	999.0
	999.0



	59336.36732
	29.108
	0.001
	0.0007
	0.1743
	0.0011
	999.0
	999.0



	59337.39674
	29.11
	0.001
	0.0027
	0.1788
	0.0009
	999.0
	999.0



	59339.38104
	29.109
	0.001
	0.0026
	0.1717
	0.0008
	999.0
	999.0



	59340.36174
	29.11
	0.001
	0.0012
	0.1725
	0.0007
	999.0
	999.0



	59342.33408
	29.11
	0.001
	0.0017
	0.1732
	0.0007
	999.0
	999.0



	59343.35287
	29.103
	0.001
	−0.0023
	0.1718
	0.0006
	999.0
	999.0



	59346.36233
	29.101
	0.001
	−0.0025
	0.1721
	0.0012
	999.0
	999.0



	59347.33788
	29.11
	0.001
	−0.0001
	0.1705
	0.0006
	999.0
	999.0



	59349.34036
	29.106
	0.001
	−0.0041
	0.1816
	0.0013
	999.0
	999.0



	59351.4423
	29.107
	0.002
	−0.0066
	999.0
	999.0
	999.0
	999.0



	59351.45289
	29.107
	0.002
	0.0035
	999.0
	999.0
	999.0
	999.0



	59352.34585
	29.108
	0.001
	−0.0014
	0.1771
	0.0009
	999.0
	999.0



	59354.35096
	29.106
	0.001
	−0.001
	0.1764
	0.0014
	999.0
	999.0



	59355.35012
	29.107
	0.002
	−0.0035
	999.0
	999.0
	999.0
	999.0



	59357.37102
	29.106
	0.001
	−0.0012
	999.0
	999.0
	999.0
	999.0



	59363.3513
	29.107
	0.001
	0.0004
	0.1755
	0.001
	999.0
	999.0



	59586.50556
	29.115
	0.001
	−0.0067
	0.186
	0.0008
	0.53
	0.008



	59590.52159
	29.117
	0.001
	−0.0015
	0.19
	0.0013
	0.504
	0.011



	59593.4655
	29.11
	0.001
	−0.0032
	0.1857
	0.0007
	0.529
	0.007



	59594.5332
	29.112
	0.001
	−0.0003
	0.1765
	0.0006
	0.53
	0.007



	59602.6255
	29.12
	0.001
	−0.0001
	0.1818
	0.0006
	0.526
	0.007



	59605.44167
	29.12
	0.001
	0.0011
	0.1895
	0.0008
	0.527
	0.008



	59606.47317
	29.119
	0.001
	−0.0017
	0.185
	0.0009
	0.521
	0.008



	59607.57129
	29.118
	0.001
	0.0046
	0.1907
	0.0009
	0.528
	0.009



	59608.67797
	29.116
	0.001
	−0.0013
	0.1938
	0.0012
	0.521
	0.01



	59609.60292
	29.117
	0.001
	0.0011
	0.1878
	0.001
	0.525
	0.009



	59610.51254
	29.115
	0.001
	0.0021
	0.1853
	0.0008
	0.523
	0.009



	59620.52934
	29.111
	0.001
	−0.0019
	0.1789
	0.0007
	0.523
	0.008



	59621.56096
	29.112
	0.001
	−0.0011
	0.1847
	0.001
	0.513
	0.009



	59622.47061
	29.112
	0.001
	−0.0006
	0.1833
	0.0008
	0.522
	0.008



	59623.53538
	29.116
	0.001
	−0.0011
	0.1872
	0.001
	0.525
	0.01



	59625.55919
	29.112
	0.001
	−0.0029
	0.1812
	0.0008
	0.52
	0.008



	59628.46108
	29.111
	0.001
	−0.0024
	0.1871
	0.0012
	0.519
	0.011



	59630.49989
	29.115
	0.001
	−0.0012
	0.1978
	0.0015
	0.526
	0.012



	59633.41679
	29.118
	0.001
	−0.0023
	0.1834
	0.0008
	0.529
	0.008



	59634.56414
	29.115
	0.001
	0.0021
	0.178
	0.0008
	0.525
	0.008



	59635.48433
	29.12
	0.001
	−0.0003
	0.1852
	0.001
	0.523
	0.01



	59636.55304
	29.121
	0.001
	0.0003
	0.1847
	0.0009
	0.528
	0.009



	59637.57302
	29.111
	0.001
	0.0009
	0.181
	0.0008
	0.526
	0.008



	59638.51495
	29.115
	0.001
	0.002
	0.1796
	0.0009
	0.506
	0.008



	59639.54117
	29.113
	0.001
	0.0006
	0.1851
	0.001
	0.525
	0.01



	59640.4762
	29.112
	0.001
	−0.0016
	0.1914
	0.0013
	0.525
	0.011



	59641.56528
	29.118
	0.001
	0.0018
	0.1905
	0.0009
	0.524
	0.008



	59642.51285
	29.113
	0.001
	−0.0019
	0.1843
	0.0008
	0.522
	0.008



	59644.46157
	29.122
	0.001
	0.0049
	0.1885
	0.0013
	0.523
	0.01



	59645.56396
	29.122
	0.001
	0.0024
	0.2027
	0.0015
	0.509
	0.01



	59646.45423
	29.121
	0.001
	0.0013
	0.1883
	0.0009
	0.527
	0.009



	59648.51781
	29.12
	0.001
	0.0021
	0.1851
	0.0006
	0.525
	0.007



	59658.43432
	29.114
	0.001
	−0.0043
	0.1906
	0.001
	0.526
	0.01



	59660.5041
	29.113
	0.001
	0.0004
	0.1848
	0.001
	0.528
	0.009



	59661.43835
	29.112
	0.001
	0.0012
	0.1801
	0.0008
	0.532
	0.008



	59662.40771
	29.118
	0.001
	0.0017
	0.1786
	0.0006
	0.525
	0.007



	59663.4597
	29.113
	0.001
	−0.0003
	0.1785
	0.0006
	0.528
	0.007



	59678.33034
	29.113
	0.001
	−0.0036
	0.1757
	0.0005
	999.0
	999.0



	59683.40842
	29.116
	0.001
	0.0003
	0.1769
	0.0006
	999.0
	999.0



	59686.49836
	29.118
	0.001
	0.0032
	0.2257
	0.0017
	999.0
	999.0



	59889.7015
	29.123
	0.001
	0.0008
	0.1778
	0.0006
	0.518
	0.007



	59890.67476
	29.126
	0.001
	0.0012
	999.0
	999.0
	0.521
	0.014



	59902.69906
	29.118
	0.001
	−0.0017
	0.1811
	0.0011
	0.524
	0.01



	59903.66273
	29.122
	0.001
	0.0032
	0.185
	0.0011
	0.523
	0.01



	59919.63625
	29.128
	0.001
	−0.0002
	0.1802
	0.0008
	0.527
	0.009



	59920.64785
	29.132
	0.001
	−0.0011
	0.1769
	0.0007
	0.52
	0.008



	59921.57429
	29.126
	0.001
	0.0026
	0.181
	0.0009
	0.526
	0.008



	59937.67352
	29.121
	0.001
	−0.0072
	0.1894
	0.0015
	0.51
	0.012



	59958.60953
	29.123
	0.001
	−0.0013
	0.1789
	0.0009
	0.528
	0.009



	59959.57843
	29.118
	0.002
	−0.0036
	999.0
	999.0
	0.506
	0.014



	59972.57361
	29.124
	0.001
	0.0028
	0.1877
	0.0009
	0.527
	0.009



	59973.54181
	29.125
	0.001
	−0.001
	0.1816
	0.0007
	0.521
	0.008



	59974.51399
	29.127
	0.001
	−0.0011
	0.178
	0.0006
	0.529
	0.007



	59975.61481
	29.133
	0.001
	0.0006
	0.1797
	0.0012
	0.524
	0.011



	59976.53289
	29.128
	0.001
	−0.0018
	0.1851
	0.0011
	0.515
	0.01



	59978.45779
	29.121
	0.001
	−0.0021
	0.1819
	0.0008
	0.527
	0.008



	59980.4728
	29.119
	0.001
	0.0011
	0.179
	0.0014
	0.529
	0.012



	59983.48087
	29.127
	0.001
	−0.0004
	0.1876
	0.0012
	0.529
	0.011



	59984.62393
	29.12
	0.001
	−0.0009
	0.1786
	0.0008
	0.527
	0.008



	59988.46075
	29.123
	0.001
	−0.0013
	999.0
	999.0
	0.524
	0.006



	59990.5449
	29.122
	0.001
	−0.0003
	999.0
	999.0
	0.527
	0.006



	60006.45527
	29.125
	0.001
	0.0014
	0.1775
	0.0006
	0.526
	0.007



	60007.43307
	29.129
	0.001
	0.0012
	0.178
	0.0006
	0.529
	0.007



	60008.49984
	29.129
	0.001
	−0.0003
	0.1798
	0.0007
	0.534
	0.008



	60009.54012
	29.129
	0.001
	0.0006
	0.1808
	0.0007
	0.53
	0.007



	60010.53674
	29.131
	0.001
	0.0025
	0.1809
	0.0007
	0.528
	0.008



	60013.52425
	29.129
	0.001
	−0.0012
	0.1891
	0.0013
	0.508
	0.011



	60016.39097
	29.134
	0.001
	−0.002
	0.186
	0.001
	0.524
	0.009





      

    

  
    
      Table F.1 

      Priors and description of parameters used within juliet to model RVs of HD88986 in Sect. 5.2.

      
        


	Parameter
	prior
	description





	Planet parameters
	
	



	P (d)
	𝒰(135,155)
	Period of the HD88986 b



	Tc-2400000 (d)
	𝒰(58850,58850 + 146)
	Center of the transit time for HD88986 b



	K (m s−1)
	𝒰(0,10)
	RV semi-amplitude for HD88986 b



	e
	𝒰(0,1) or 0 (fixed)
	Eccentricity



	ω (°)
	𝒰(0,360) or 90 (fixed)
	Argument of periastron



	Telescope Parameters:
	
	



	σSOPHIE+ (m s−1)
	𝒰(1e − 3,100.)
	RV jitter



	muSOPHIE+ (m s−1)
	log 𝒰(28995,29196)
	Instrumental offset



	Drift on SHOPHIE+:
	
	



	A (m s−1)
	𝒰(−5,5)
	Linear RV drift



	Q (m s−1)
	𝒰(−5,5)
	Quadratic RV drift



	QP-GP on SOPHIE+:
	
	



	BGP (m s−1)
	𝒥(10−5,100)
	Amplitude of the GP kernel



	CGP (m s−1)
	10−20 (fixed)
	Constant scaling term of the GP kernel



	Prot (d)
	𝒩(29,3)
	Rotation period of the GP kernel



	LGP (d)
	𝒥(10−20, 300)
	Correlation time-scale of the GP kernel



	EXP-GP on SOPHIE+:
	
	



	TGP
	log 𝒰(1e − 13,100.)
	Length-scale of the GP kernel



	σGP(m s−1)
	log 𝒰(1e − 13,100.)
	Amplitude of the GP kernel



	sinusoidal on SOPHIE+:
	
	



	P (d)
	𝒰(25,35)
	Period for the additional sinusoid



	K (m s−1)
	𝒰(58870, 58870 + 30)
	RV semi-amplitude for the additional sinusoid



	Tc-2400000 (d)
	𝒰(0,10)
	Center of the transit time for additional sinusoid





      

      
Notes. The prior labels of 𝒩, 𝒰, log 𝒰 indicate normal, uniform, and uniform logarithms of distributions.




    

  
    
      Fig. G.1 

      
        [image: thumbnail]
      

      
        Centroid analysis for HD88986. Difference images (panels a) for the potential transits in sector 21 (left) and sector 48 (right), along with the mean out-of-transit image (panel b) and the mean in-transit image (panel c). The difference images are obtained by subtracting the mean in-transit image from the mean out-of-transit image and ideally appear as an isolated stellar image of the host star. We note that in sector 48, the host star is located just beside a bad column. While interpreting the difference images from saturated stars such as HD88986 is particularly challenging, we observed that most of the energy in the transit feature is associated with the upper end of the bleed of the saturated pixels in the core of the stellar image. Thus, the transit features are likely associated with the host star in both sectors.

      

    

  
    
      Fig. G.2 

      
        [image: thumbnail]
      

      
        TESS light curves reproduced using PLD and CBV approaches (left panels) and zoomed in the potential single transits (right panels) for sector 21 (top) and sector 48 (bottom). The SAP and PDC-SAP data are also plotted to provide a reference for comparison. The data are binned (black points) in 1 hour. The legend includes an overfitting score and the sgCDPP metric to facilitate an assessment of the different light curves. The brown vertical lines are the telescope momentum dumps.

      

    

  
    
      Fig. G.3 

      
        [image: thumbnail]
      

      
        TESS data extracted from FFI for sector 21 (top) and sector 48 (bottom). The data are zoomed in on the potential single transits in the right panels.

      

    

  
    
      Table H.1 

      Priors for the joint modeling of RV and photometric data with juliet in Sect. 7

      
        


	Parameter
	prior
	description





	Stellar parameters:
	
	



	ρ* (kg/m3)
	𝒩 (479.768,40)
	Stellar density



	Planet parameters
	
	



	P (d)
	𝒰(135,155)
	Period of HD88986 b



	Tc-2400000 (d)
	𝒩(2458891.6,5)
	Center of the transit time for HD88986 b



	K (m s−1)
	𝒰(0, 10)
	RV semi-amplitude forHD88986 b



	e
	𝒰(0, 0.9)
	Eccentricity



	ω (°)
	𝒰(0, 360)
	Argument of periastron



	b
	𝒰(0, 1)
	Transit impact parameter



	RP/R*
	𝒰(0,1)
	Planet-to-star radius ratio



	Drift on SHOPHIE+:
	
	



	A (m s−1)
	𝒰(−5,5)
	Linear RV drift



	Q (m s−1)
	𝒰(−5,5)
	Quadratic RV drift



	QP-GP on SOPHIE+:
	
	



	BGP (m s−1)
	𝒥(10−5,100)
	Amplitude of the GP kernel



	CGP (m s−1)
	10−20 (fixed)
	Constant scaling term of the GP kernel



	Prot (d)
	𝒩(29, 3)
	Rotation period of the GP kernel



	LGP (d)
	𝒥 (10−20,300)
	Correlation time-scale of the GP kernel



	SOPHIE instrumental Parameters:
	
	



	σS OPHIE+ (m s−1)
	log 𝒰(1e − 3,100.)
	RV jitter



	muS OPHIE+ (m s−1)
	𝒰(28995,29196)
	Instrumental offset



	TESS instrumental parameters:
	
	



	DTESS
	1.0 (fixed)
	Dilution factor



	MTESS
	𝒩(0.,1)
	Relative flux offset



	σTESS
	log 𝒰(0.1,1000.)
	Extra jitter term



	q
	𝒰(0,1)
	Linear limb-darkening





      

      
Notes. The prior labels of 𝒩, 𝒰, log 𝒰 indicate normal, uniform, and uniform logarithms of distributions.




    

  
    
      Table I.1 

      Priors for the joint modeling of RV and Hipparcos/Gaia astrometric data.

      
        


	Parameter
	prior
	description





	Stellar parameters:
	
	



	M* (M⊙)
	𝒩 (1.2, 0.06)
	Stellar mass



	Parallax (mas)
	𝒩 (30.025,0.023)
	Stellar parallax



	σ* (m s−1)
	𝒰(0, 10)
	Stellar jitter



	Planet parameters
	
	



	a (au)
	𝒰(1,100)
	Semi-major axis of HD88986 c



	e
	𝒰(0, 0.99)
	Eccentricity



	ω (º)
	𝒰(0, 360)
	Argument of periastron



	I (º)
	sin(0,180)
	Orbital inclinaison



	Ω (º)
	𝒰(0, 360)
	Longitude of ascending node



	Mc (MJup)
	𝒰(1,500)
	Mass of HD88986 c



	SOPHIE instrumental Parameters:
	
	



	muE LODIE (m s−1)
	𝒰(28000,30000)
	ELODIE offset



	muS OPHIE (m s−1)
	𝒰(28000,30000)
	SOPHIE offset



	muS OPHIE+ (m s−1)
	𝒰(28000,30000)
	SOPHIE+ offset



	muHIRES (m s−1)
	𝒰(−1000,1000)
	HIRES offset



	muHIRES+ (m s−1)
	𝒰(−1000,1000)
	HIRES+ offset





      

      
Notes. The prior labels of 𝒩, 𝒰, sin indicate normal, uniform, and sinusoidal distributions.




    

  
    
      Table L.1 

      Summary of APT photometric observation for HD88986

      
        


	Observing Season
	Nobs
	Date Range (HJD – 2,400,000)
	σ (mag)
	Seasonal Mean (mag)





	1995–96
	18
	50192–50235
	0.00129
	−1.16507(30)



	1996–97
	46
	50395–50597
	0.00083
	−1.16476(12)



	1997–98
	68
	50755–50978
	0.00140
	−1.16513(17)



	1998–99
	72
	51115–51339
	0.00146
	−1.16529(17)



	1999–00
	60
	51480–51706
	0.00116
	−1.16500(15)



	2000–01
	43
	51862–52051
	0.00104
	−1.16486(16)



	2001–02
	60
	52202–52445
	0.00114
	−1.16421(15)



	2002–03
	75
	52572–52805
	0.00108
	−1.16476(13)



	2003–04
	78
	52930–53171
	0.00099
	−1.16492(11)



	2004–05
	104
	53308–53529
	0.00132
	−1.16491(13)



	2005–06
	109
	53663–53904
	0.00138
	−1.16509(13)



	2006–07
	99
	54032–54259
	0.00119
	−1.16453(12)



	2007–08
	62
	54391–54630
	0.00101
	−1.16479(13)



	2008–09
	44
	54774–54983
	0.00086
	−1.16511(13)



	2009–10
	75
	55139–55351
	0.00116
	−1.16494(13)



	2010–11
	71
	55513–55709
	0.00105
	−1.16474(12)



	2011–12
	61
	55893–56069
	0.00109
	−1.16472(14)



	2012–13
	38
	56236–56447
	0.00068
	−1.16502(11)



	2013–14
	51
	56607–56809
	0.00097
	−1.16539(14)



	2014–15
	67
	56967–57176
	0.00118
	−1.16532(14)



	2019–20
	34
	58856–58975
	0.00117
	−1.16518(20)
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